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1D
,

AN INVESTIGATIONAT MACHNUMBERS1.94AND2.41OFJET
EIZFECTSUPONTHELONGITUDINALANDDIRECTIONAL

STABILITYOFA GENERALAIRCRAFTCONFIGURATION

EMPLOYINGWING-TTP-MOUNTEDNACELLES

ByFYankL. ClarkandClydeL.W. Edwards

SUMMARY

An investigationhasbeenconductedintheLsngleyg-inchsuper-
sonictunnelto determinetheeffectsthatjetinterferencehasupon
thelongitudinalanddirectionalstabilityof a generalaircraftcon-
figurationemployingwing-tip-mountednacelles.Testswereconducted
usinga coldjetinwhichthefree-streamMachnumber,jetstatic-
pressureratio,tailconfigurations,angleof attack,andangleof side-
slipwerevaried.Thejet-interferencestudieswereconductedatfree-

. streamMachnumibersof1.94and2.41,andboundary-layertrsmsitionwas
artificiallyinduced.

. Theresultsindicatedthatan increaseinthejetstatic-pressure
ratioandtheverticaldisplacenntofthehorizontaltailproducedno
significantchangesinthedirectionalstability.Jetinterference
increasedthevaluesofnormalforceatbothanglesof attackandangles
of sideslipandproducednonlinearitiesinthepitching-momentcurves
forallcompletetailconfigurations.In general,theeffectsof jet
interferencebecamemorepronouncedastheheightofthehorizontal
tailwasincreased.

An increaseinthefree-streamMachnumberdecreasedthedirectional
stabilityofthemodel.Thisreductionwascausedby thedecreaseinthe
vertical-taileffectivenessratherthanby jetinterference.Increasing
Machnumbercausedthe~et-interferenceeffectsuponthevaluesofnormal
forceandpitchingmomenttobe reducedin intensityforthesamejet
static-pressureratios.

Whenthejetswereoperatedatunequaljetstatic-pressureratios,
jetinterferencehadlittleeffectuponthenormalforcesmdpitching
nmmentatthetestvaluesof angleof sideslipbutitprolucedsignifi-
cantchangesinthesequantitiesatanangleof attackof 4°. The
valuesof sideforceandyawingmomentwereaffectedby thejetinter-
ferencebothat anglesof attackandat anglesof sideslip.

●

.
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INTRODUCTION *

$

InthepastdecadeIncreasedattentionhasbeenaccordedtothe *
studyofflowcharacteristicsassociatedwithsubsonicandsupersonic
jetsexhaustingbothhotandcoldgasesintostill,subsonic,andsuper- -,

sonicairstreams.(Seerefs.1 to 3.) Ithasbeenshowninreference1
thatat supersonicspeedsa jetexhaustingcoldgasescanbeusedto
simulatehot-jetconditions.

Investigationshavebeenconductedat supersonicspeedstodetermine
thejet-interferenceeffectsupontheaerodynamiccharacteristicsof
isolatedgeometricsurfaceswhenthesurfaceswereintroducedintothe
interferenceflowfield.(Seerefs.kto 8.) Numerousstudieshave
beenconductedtodeterminetheeffectsthatjetinterferencehasupon
theboattailandbasepressuresofvariousafterkdyconfigurations.
(Seerefs.9 to12.) Ingeneral,therehavebeenveryfewjet-
interferencestudiesconductedinwhicha completeairplaneconfigura-
tionwasinvolved.(Seeref.13.) h viewofthislackof experimental
information,thepresentinvestigationwasinitiated,_todeterminethe.
jet-interferenceeffectsuponthestaticlongitudinalanddirectional “-
stabilityof a generalaircraftconfiguration.

Twonmdelsfeaturingwing-tip-mountednacelleswereemployedin
theinvestigation.TheJet-interferencestudieswereconductedfora

*

cold-jetconditionatfree-streamMachnumbersof1.94and2.41and
covereda rangeof jetstatic-pressureratiosfromthejet-offcondition .
to15ata Machnumberof 1.94andfromtheJet-offconditionto25at
a Machnumberof2.41. Inadditiontovaryingthejetstatic-pressure
ratioandthefree-streamMachnumber,themodelswerealsotestedover
anangle-of-attackrangefrom-2°to 80andoveranangle-of-sideslip
rangefrom-8°to2°foreachofthefollowingtailconfigurations:
(a)nohorizontalorverticaltail,(b)withverticaltailonly,
(c)withnoverticaltailbutwithhorizontaltaillocatedonthebody
centerline,and(d)withbothhorizontalandverticaltailandwith
thehorizontaltailpositionedinthreedifferentverticallocations.

SYMBOLS

b wingspan(nacellesnotincluded)

E wingmeanaerodynamicchord —

cm pitching-nmmentcoefficient,PitchiMmoment
qsz

—.
.

. .
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CN normal-forcecoefficient,Normalforce
qs

‘%

yawing-nmmentcoefficient,‘awti moment
qSb

Sideforceside-forcecoefficient,
qs

_ acqc%aa

acnCn=—B a~

M free-streamllachnuniber

P staticpressure

q free-streamdynamicpressure

s totalwingarea

a angleofattack

P angleof sideslip

Subscripts:

J jetexit

a freestrem

APPARATUSANDTESTS

WindTunnel

TheLangley9-inchsupersonictunnelisa

3

closed-circuit,direct-
drivetunnel-in-whichthepressure,temperature,andhumidityofthe
enclosedairmaybe controlled.Throughouttheteststhequantityof
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watervaporinthetunnelwaskeptata minimumsothatcondensation ●

wouldhavenoappreciableeffectontheflowinthesupersonicnozzle.
ThetestMachnumberwasvariedbymeansof interchangeablenozzle
blocksforminga testsectionapproximately9 inchessquare.A

.
.

schlierenopticalsystemprovidedqualitativevisualflowobservations.

Models

Thepresentinvestigationemployedtwomodelsidenticalingeo-
metricfeatures.Eachmodelfeaturedwing-tip-mountednacelles.The
nacelleson onemodelwereinoperativeandthenacellesontheother
containeda jetwitha jet-exitMachnumberof 1.96.Henceforth,the
modelhavingtheinoperativenacelleswillbe referredto astheno-~et
modelandthemodelhavingtheoperativenacelleswillbe referredto
asthejetmodel.

A drawingofthemodelillustratingtheconstm=tiondetailsand
givingpertinentdesiggdimensionsispresentedinfigure1. Thesting
consistedof seven0.1875-inch-diametercoppertubesandtwoO.OhO-inch-
diametermoneltubes,soft-solderedtogetherto formoneunitapproxi-
mately0.5625inchindiameter.Thisstingextendedintothebodyto
approximately0.56ofthewing;At thispointthetubeswereseparated
intotwosetsandledtoeachnacelle.Thethreecoppertubeslocated
ineachwingservedas supplylinesthroughwhichhigh-pressuredryair

“

wasconductedto eachJetwhiletheseventhcoppertubeservedasa
conduitforstrain-gagewires.TheO.OkO-inch-diametermoneltubes &.
servedaspressuretapsto indicatethestagnationpressureineach
nacelle.A O.1-inchgapwasmaintainedbetweenthestingandtheInside
diameterofthebodyandapproximately0.020-inchgapwasmaintained
betweenthewingandbodyofthemodel.

Exceptfortheairsupply lines locatedineachwing,thejetmodel
wasconstructedentirelyofmildsteel.Thestingandwingformeda
rigidsupportandthebodyanditsvarioustailarrangementswere
Joinedto thewingthrougha four-componentinternallymountedstrain-
gagebalance.Thiswasdoneina mannerthatpermittedtheforcesand
momentsononlythebodyandtailassembliestobemeasuredinthe
presenceofthewingandnacelles.

Theno-~etmodelwasalsoconstmctedentirelyofmildsteel,and
a two-componentinternallymountedstrain-gagebalanceconnectedthe
modeltothesting.Sincea two-componentstrain-gagebalsmcewas
employedforthismodel,itwasnecessaryto rollthemodelaboutthe ‘
balancefromoneplaneto theotherbeforemeasurementoftheforces
andmomentsinthatplanecouldbemade. Theforcesandmomentswere
measuredontheentiremodel.
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. k orderto facilitatethechangingofmodelconfigurations,all
tailassemblieswereconstructedas individualunits.Eachunitwas
soft-solderedinplaceandfairedto forma smoothcontouredsurface.

m A photographshowingthejetmodelwiththelowhorizontaltailin
place,theno-jetmodelwiththehighhorizontaltailinplace,andthe
mid-horizontal-tail-vertical-tailconfigurationispresentedinfig-
ure2(a).A photographofthejetrmdelillustratingthejetexitis
presentedinfigure2(b).

TestsandProcedure

Jet-interferencestudieswereconductedata tunnel
pressureof approximately1 atmosphereandthereforethe

stagnation
Refioldsnum-

bersbasedonwingchordwereabout0.49x 106and0.39x 106forMach
numbers1.94and2.41,respectively.Duringthetestsa turbulent
boundarylayerwasartificiallyinducedby an approximately0.006-inch-
thickroughnessstriplocatedonthemodelas showninfigure1.

Thenmdelsweretestedovera &xtiumangle-of-attackrangeof -2°
to 80foranangleof sideslipofO , andovera msximumangle-of-
sidesliprangeof -8°to 2°foranangleof attackof OO. Theangleof
attackorangleof sideslipofthemodelwasdeterminedopticallyby

● reflectinga pointsourcelightfroma 0.0625-inch-diametermirror,
whichwasflush-muntedinthemodel,ontoa calibratedscale.

.
TheMachnumberdistributionsacrosstheexitofeachjetnacelle

weredeterminedby a total-pressuresurveyina mannersimilartothat
reportedin reference12, withtheexceptionthatthejetstagnation
pressurewasmeasuredinsteadofthestaticpressureatthelipofthe
nacelle.

Thehigh-pressureairsupplyforeachjetemanatedfroma commn
sourcetherebyinsuringthatequalpressurewasmaintainedinthe
stagnationchamberofeachjetatalltimes.Thepressurewithineach
jetstagnationchemberwasrecordedonprecisionhigh-pressuregages
andwasvariedby meansofmanuallycontrolledvalveslocatedoutside
thetunnel.Thissystemwaslatermodifiedforadditionalteststo
permit
ofthe

thestagnati&
other.

pressureineachjettobe regulatedindependently

Accuracies

Theestimatedaccumulativeerrorsintheaerodynamiccharacteristics
andtestvariablesarepresentedinthefollowingtable:

.

* ~
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M. . . . . . . . . . . . . . . . . . . .
u,deg . . . . . . . . . . . . . . . . .
~,deg . . . . . . . . . . . . . . . . .
CN . ,. . . ● *. . . . . .0. . . ● .

HI”*.**..****..**=. ● .
%“””””*”””””””””””*”
Cn . ● . ● . . . . . . . . . . . . ● . .

‘J/p@”*””””””””O””*” ““”
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AccuraciesforMachnumber-

1.94 I 2.41

*O●010
*0.1
*ool

+0.0058
*O.0026
+0.0060
*O.0013

*o.25

*0”015
*0.1
*ool

to.0078
*O.0032
*O.0077
*().0017

+0.25

e

.

PRELIMINARYCONSIDERATIONS

Reference3presentsa largenumberofcalculatedjetboundaries
forsupersonicjetsexhaustingintostillair. Theboundarieswere
calculatedusingthemethodof characteristicsforvariousjetMach
numbers,specificheatratios,nozzledivergenceangles,andjetstatic-
pressureratios.Itisshowninthisreferencethatincreasingthe

.

jetstatic-pressureratioincreasestheinitialinclinationofthejet
boundaryandthediameteroftheJetboundary,andshiftsthemaximum
diameterofthejetboundarydownstream.

.
Eventhoughtheseconditions

wereco~utedfora jetexhaustingintostillair,thetrendsare
directlyapplicabletoa supersonicjetexhaustingintoa supersonic
stream.Themajordifferenceisthata Jetexhaustingintoa super-
sonicstreamundergoeslessexpansionthandoesa jetexhaustinginto

—.

stillair. (Seeref.1.) Thefactthatthesametrendsexistfor
thetwocasesisreadilyapparentinfigure3 inwhichphotographsof
thejet-interferenceflowfieldarepresentedforvariousjetstatic-
pressureratiosatfree-streamMachnumbersof1.94and2.41.The
photographsshowthatan increaseinthejetstatic-pressureratio
increasestheinitialinclinationofthejet-exitshock.Thisfactor
producesthethreefollowingmajorconsequences:First,itincreases
thepressureriseacrossthejet-exitshockwhich,inturn,greatly
increasestheeffectthatthejetinterferencehasuponneighboring
surfaces.Second,itcausesthejet-exitshockto advancefarther
forwardwhile,simultaneously,theshockwithinthejetmovesrearward.
Thisincreasesthepossibilityforthejet-exitshockto impingeand
reflectfromneighboringsurfacesandreducesthepossibilityofthe
shockwithinthejetaffectingtheneighboringsurfaces.Third,it -
increasesthediameterofthejetboundarywhich,inturn,increases

a-

.
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. theflowangularitywithintheexpansionregionbetweenthejet-exit
shockandthemixingboundary.Thesignificanceoftheseeffectsis
governedprimarilyby thelocationof a surfaceintheinterference

. flowfield.

Sketchesillustratingthehorizontal-tail,vertical-tail,and
bodyareasthatwereinfluencedby thejet-exitshockendshockfrom
withinthesetforthethreecompletetailconfigurationsarepre-
sentedinfigure4 forvariousjetstatic-pressureratiosatfree-stream
Machnumbersof 1.94and2.41. Thesediagramswereconstructedfrom
schlierenphotographsontheassumptionthattheshockwaveswereconical
in structureandemanatedfroma pointsource.Thepatternsaremesmt
onlyto serveasa visualaidinunderstandingtheflowphenomenathat
normallyaccompanyan increaseinthejetstatic-pressureratioand
donotaccuratelyrepresentthetruecondition.

Itwillbe notedthatasthejetstatic-pressureratiowasincreased
thejet-exitshockmovedforward,therebyinfluencinga greaterportion
ofthebodyandtailassembly.At thesametimetheshockfromwithin
thejetshiftedrearwardandeventuallymovedoffthehorizontaltail.
Theamountofhorizontal=tailareainfluencedby thejet-exitshockand
thejetshockwaslessenedastheheightofthehorizontaltailwas
increasedabovethecenterlineofthebody.

.
A comparisonof figure4(a)withfigurek(b)showsthatlessover-

allareaofthebodyandtailassemblyisaffectedby thejet-exitshock
,. andjetshockata Machnumberof 2.41thanat a Machnumberof 1.94.

Thiscanbe attributedto thefactthattheexhaustingjethadtoundergo
less~ansion thanthejetata Machnumberof 1.94. Thischaracteris-
ticis qwlitativelyanalogoustothepreviouslymentionedeffectofa
Jetexhaustingintoa supersonicstreamascontrastedto a jetexhausting
intostillair.

RESULTS

Thebasicdataforthejetnmdelarepresentedinfigures7 and6.
Thejet-interferenceeffectsupontheaerodynamiccharacteristicsof
thesamemodelarepresentedinincrementalforminfigures7 and8.
Theincrementalvaluesweredeterminedby subtractingthevalues
obtainedforthejet-offconditionfromthecorrespondingvaluesobtained
forthejet-onconditionfora specificconfigurationandangularatti-
tudeofthemodel. Thebasicdatafortheno-jetmodelarepresented
in figure9,andthecombinedaerodynamiccharacteristicsoftheno-jet
modelplusthejet-interferenceeffectsofthejetmodelarepresented
infigures10andIl. Thecombineddataof configurations4, 5,and6

.

.
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simulatetheactualcharacteristicsofa com@eteairplaneconfigura-
tion.Thestaticlongitudinal-anddirectional-stabilityderivatives
resultingfromthesecombinedeffectsarepresentedinfigure12.

Byreferringtofigures1 and2, itcanbe seenthattheairplane
configurationemployedhasmuchtooshorta noseto simulatecurrent
typesof configurations.Thisconditionevolvedduringthemodel
designfromtestingconsiderations,spacelimitationsinthetunnel,
andattemptingtomaintaina realisticdistancebetweenthejetexits
andthetailsurfaces.Becauseoftheshofinoseonthenmdel,the
momentresultswhichhavebeen”referencedtothe0.55of thewingpro-
videanunrealisticstaticmargin.Therefore,whentheincrementaljet-
interferencedataareaddedtotheno-jetdata,thesmallnessof the
jet-interferenceeffectsisentirelymisleadingwithregardto itsrela-
tiveimportanceonthemomentsofthecompleteairplaneconfiguration.
Also,thisunrealisticstaticurgin maymsk importszk.nmlinearities
existinginthecurvespresentedinfigures10and11. F@ure 13 shows
theeffectof transferringthecenterof gravityofthemodeluponthe
pitchingmomentandtheyawingmment of theno-jetmodelforconfigura-
tions4, 5,and6 atMachnumbers1.94and2.41. Therelativeimportance
of thejet-interferenceeffectsis shownmn?erealisticallyinfigure14
whereinthecombinedmomentdata(no-jetplusjetinterference)are
presentedforthemodelcenterof gravitylocatedat thewingtrailing
edge. —.

Presentedinfigure15aretheaero@xamiccharacteristicsfor
configurationk of thejetmodelfortheconditionwhereinthejet .
nacelleswereoperatedatdifferentjetstatic-pressureratios.The
pressureratiooftherightnacellewasheldata constantvaluewhile
thepressureratiooftheleftnacellewasvaried.

DISCUSSION

EffectofVaryingJetStatic-PressureRatio

Jetmodel.-Withfewexceptions,an increaseinthejetstatic-
press-ueratiocausedthejetinterferenceto increasethevalueof
normalforceatanglesofattackandanglesof sideslipforconfigura-
tions5 and6. (Seefigs.7 and8.) ~ese increasesareassociated
withan increaseintheinclinationof thejet-exitshock,an increase
inthepressureriseacrosstheJet-exitshock,andan increasedflow
angularitywithinthejet-interferenceflowfield.

with

Pitching-mament

angleof attack

curvesexhibitednonlineartrendsfor p p > 5
jiw

andangleof sideslip.(SeefIgs.7 and8.) Jet-’-” .

“
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. interferenceproduceda stabilizingpitching-mementincrementwhich
increaeedinmagnitudeas p p

3/m
increased.

.
Itwillbe notedthatfora givenvalueof’p

@
~ thenormalforce

forallconfigurationschangedverylittlewithan increaseinangleof
attackat M = 1.94 (fig.7) orwitha decreaseinangleof sideslip
at ~= 1.9~and2.41 (figs.7and 8). Therefore,itisbelievedthat
thenonlinearvariationsinthepitching-momentcurvesof configura-
tions4, 5,and6 fortheseconditionsresultedprincipallyfromshifts
inthecenterofpressureofthejet-interferenceflowfield.However,
at ~= 2.41 (fig.8) it isshownthatforconfigurations5 and6 ata
givenvalueof p p , an increaseinangleofattackproducedsignifi-

J/ m
cantvariationsinthevalueofnormalforce.Fortheseconfigurations
ata specificvalueof pal/pmthenonlinearbehaviorofthepitching-

mcmentcurvesisattributedto a combinationof shiftsincenterof
pressureofthejet-interferenceflowfieldplusa variationinthe
valueofnormalforce.

Combinedeffects.-Thegeneraleffectsof increasingp p
J/w

from

. 5 to15uponthevaluesandtrendsofthepttchingmomentmaybe nmst
easilyseenby comparingfigures13and14 forequivalentmodelcon-
figurations,modelcenterofgravity,andMachnumber.At bothMach. numbersallconfigurationsexperiencedreductionsinthevaluesof
pitchingmoment,withthereductioninvaluebeinggreaterfor Mm = 1.94

thanfor Mm= 2.41.

Effectof IncreasingtheVerticalDisplacement

oftheHorizontal‘Ibil

Jet-interferenceeffectsuponthevaluesofnormalforceand
yitchingmomentatboth a and ~ becomemorepronouncedas theverti-
caldisplacementofthehorizontaltailwasincreasedabovethecenter
lineofthebody. (Seefigs.7 snd8.) Thisfactseemscontraryto
whatwouldbe expectedinviewofthediagramspresentedinfigure4.
Thesediagramsindicatedthatconfiguration6 wouldhavelesstailarea -
influencedby thejet-interferenceflowfieldthanwouldeithercon-
figuration4 or 5. However,duetotherelativelocationof thehori-
zontaltailof configuration6 tothejet-exitshockandwithinthe
interferenceflowfield,itwasinfluencedtoa greaterextentby flow

.

“
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angularitythanwaseitherconfiguration4 or 5. Ingeneral,thefarther .
fromthejet-exitshockthehorizontaltailispositionedinthejet-
interferenceflowfield,thelessitwouldbe influencedby flowangu-
larity.Thisfactisillustratedby comparingconfigurations5 and6 .
infigure7 or8.

Jetinterferencehadlittleeffectuponthevaluesof sideforce
oryawingmomentastheheightof thehorizontaltailwasincreased.
:Seea:i::il:

tainedatam

sml8.) Thisresultwouldbe expectedsinceallhori-
weremintainedat zeroincidenceandthemodelwasmain-
angleofattackofOO.

Effectof IncreasingFree-StreamMachMimber

An increasein I& from1.94to 2.41reducedthestaticdirectional
stabilityforall.completetailconfigurations.(Seefig.12.) This
reductionisassociatedwiththewell-knowndecreaseinvertical-tail
effectivenessthatnormallyaccompaniesa Machnumberincreaserather
thanby jetinterference.An increasein free-streamMachnumbercaused
jetinterferencetohavelesseffectupon.thevaluesofpitchingmoment
atanglesofattackas p p wasincreased.

J/ co
(Seefig.14.)

.
Effectsof OperatingtheJetsatUneq@l —.

-.

JetStatic-PressureRatios x

Theeffectsofoperatingthejetsatunequaljetstatic-pressure
ratiosareshownforconfigurationk infigure15. h assessingthe
dataofthisfigureitshouldbe rememberedthatthebodyandtail
wereconnectedtothestrain-gagebeams,whichwereinturnconnected

-.

totherigidwingandnacelles.Therefore,thebalancesdidnot -.
measurethethrustofthejetsandtheresultsrepresentpurelythe
jet-interferenceeffects.Figure17 shows”thatjetinterferencehad .

littleeffectuponthenormalforceandpitchingmomentat thetest
valuesofangleof sideslipbutthatitproducedsignificantchanges
in thesequantitiesatanangleofattackof 4°at F& = 1.94. The
valuesof sideforceandyawingmomentwereaffectedbytheJet
interferenceoftheunequallyoperated”jets~-othatanglesof sidesli~“-
of 0°and4°andanglesofattackof0°and4°. Theyawingmoment
producedby thejetinterferencefromthedifferentiallyoperatedjets
opposedindirectionthemomentthatwouldbe producedby thedirect
actionof theJetthrustand,basedonthecalculated-valuesofthe
jetthrust,witha differenceinpressureratioof 154amountedto
about11.5percentof theyawingmomentwhichwouldbeproducedby
thejetthrustat a Machnumberof1.94.At a Machnumberof2.41and

A

.
. . ... .. .... . ..... a
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. a differenceinjetstatic-pressureratiosbetweenthejetsof 15,the
jet-interferenceyawingmomentwouldbeoppositeto andabout7.8per-
centof’theyawingmanentwhichwouldbe producedby thejetthrust

. force.

CONCLUSIONS

An investigationto determinethejet-interferenceeffectsupon
thelongitudinalanddirectionalstabilityofa generalaircraftcon-
figurationemployingwing-tip-nmuntednacellesresultedinthe
followingconclusions:

1.Jetinterferencehadno significanteffectuponthedirectional
stabilityat emm@.e ofattackof 0°as thejetstatic-pressureratio
andverticaldisplacementofthehorizontaltailwereincreased.

2.Additionofthejetstothefree-streamflowfieldgenerally
increasedthevaluesofnormalforcebothatanglesofattackandangles
of sideslipandproducednonlinearitiesinthepitching-momentcurves
forallcompletetailconfigurations.Theextentofthejet-interference
effects-dependedprharilyupontherelativelocationofthehorizontal

* tailinthejet-interferenceflowfieldandonthejetstatic-pressure
ratio.

* 3. Anincreaseinfree-streamMachnumberreducedthedirectional
stabilityofthemodel;thisdecreasewasassociatedwiththewell-known
decreaseinvertical-taileffectivenessthatnormallyaccompaniesa Mach
numberincreaseratherthanby jetinterference.A Machnumberincrease
didcausea reductioninthejet-interferenceeffectsuponthevalues
ofnormalforceandpitchingmoment,however.

k.Fortheparticularconfigurationtestedwhenthejetswere
operatedatunequaljetstatic-pressureratios,jetinterferencehad
littleeffectuponthenormalforceandpitchingmomentatthetest
valuesofangleof sideslip,butitproducedsignificantchangesin
thesequantitiesat anangleofattackof 4°. Thevaluesof sideforce
andyawingmment wereaffectedby thejetinterferencebothat angles
ofattackandat anglesof sideslip.

5. A reductioninthestaticmarginofthemodeltoa morerealis-
ticvalueamplifiedthenonlinearitiesthatexistedinthepitching-nmment
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curvesandshowedthatjetinterferenceproducedimportanteffectsupon
thevaluesofpitchingmomentforanairplaneconfigurationofthis

.

type.
.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,December5,1957.
.—

.

.
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edge.
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